
• 

• 

• 

APPLICATION OF LINK TRAFFIC STATISTICS 
TO ESTIMATING LINK SYSTEM CONGESTION 

Ole A. Pedersen 

Automatic Electric Laboratories, Inc. 

Northlake, Jllinois USA 

ABSTRACT 

This paper presents and illustrates procedures 
for using traffic statistics such as the mean 
and the variance of the number of busy links to 
estimate the congestion in a link system. 

Specifically, this paper treats the following 
matters: 

In Section 1, the effective availability of a 
link system is discussed and we express an 
interest in being able to define the blocking 
characteristics of a link system in terms of 
its structure and the statistical properties of 
the traffic loading its links. 

In Section 2, an expression for the effective 
availability of a two-stage link system is 
developed. 

In Section 3, a study is made of the statistical 
and blocking characteristics of different kinds 
of traffic loading the outlets of a single-stage 
switch. 

In Section 4, a procedure is presented for esti
mating the blocking of the outlets of a sing1e
stage switch from a knowledge of the mean and 
variance of the number of busy outlets acces
sible to an inlet. 

In Section 5, a procedure is presented and illus
trated for estimating the effective availabil
ities of two-stage link systems with arbitrary 
AB-link 10adings. 
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1. EFFECTIVE AVAILABILITIES OF LINK SYSTEMS 

The congestion or blocking probability P for 
calls offered to a group of N trunks through a 
single-stage switch depends on the total traf
fic A handled by the trunks and the availabil
ity k with which the trunk group is accessed. 
The variables k, N, A and P, are inter-related 
so that it is possible to express k as a func
tion of N, A and P; i.e., 

1.1 k = k(N ,A,P) . 

The value of k can't be greater than N. If k 
equals N, then the trunk group is accessed with 
"full availability." If k is less than N, then 
then the trunk group is accessed with "limited 
availability." 

Calls offered ,through a link system to a group 
of trunks encounter a congestion P. The value 
of P will depend on k, the configuration (i.e. 
structure) of the link system, and the statis
tical properties of the traffic loading its 
links. 

The statistical parameters of link traffic that 
are of particular interest because of' their in
fluence on the congestion are: 

a. means, 
b. variances, and 
c. correlations. 

The means are of interest because they provide 
the measures of link 10adings. The variances 
are of interest because, with all other things 
the same, an increase in the variance of the 
number of busy links of a link system increases 
the congestion. The correlations are of inter
est for the purpose of accounting for the vari
abi1itY ' of arbitrary link traffics . 

Through the use of an "effective availability" 
kE any link system can be represented by a 
functionally equivalent sin~le-stage switch. 
The "effective availability' of a link system 
equals the availability that must be provided 
by a single-stage switch for access to a group 
of N trunks handling a prescribed traffic A so 
that the congestion P for the single-stage 
switch is the s,ame as the congestion for the 
link system. So, if all we know about a group 

" of trunks 1;>eing offered calls through a link 
s'ys_tem is N, A and P, then it is possible to 
det~rmine 'KE fo~ th~ link system. . , 

Th~ pr oblem to 'be -treated in this paper is the 
de~rmination of' RE for, a .link sys telIf from a 
knowledge of its configuration and the statis
tical properties of , the traffic loading its 
1 inks,: " : " I ~.' J :: _ 

2. THE EFFECTIVE AVAILAin:LI'l'Y OF A TWO,-STAGE 
;",-) Lf. LINK' SYSTEM < • ,',,_. I, 

n , To fi~ th~ no\ iori of : effective ' availabi1itY 'and 
clarify the objectives ' of ,this~ paper, consid~r 
the two-stage link system' 'sJ:ibW!l 'in- Fig. 1. 

.., .' f-' ,-". ..... ~, '"-- J \ ~ :.t . 
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Fig. 1 Diagram of two-stage link system. 

The A-stage of this system has Na switches, 
each having na inlets and ma outlets. The B
stage has Nb switches, each having nb inlets 
and mb outlets. Since na is not less than ma 
it is possible to have all outlets of an A-stage 
switch made busy at the same time. Also nb 
equals Na • Therefore there is one AB-link be
tween each A-stage switch and each B-stage 
switch, and ma equals Nb. An individual trunk 
or devi~e is connected to each outlet of the 
B-stage. These trunks are accessed with an 
availability k given by 

2 . 1 k = maffib. 

Let the average traffic carried per AB-link be 
a and the average traffic carried per trunk be 
p. If these traffics are smooth and statisti
cally independent, then the congestion for the 
two-stage link system is [3] 

2.2 P = (a+ (l_a)pIIlh)ma . 

We want a number kE so that 

2.3 P 

Let M be the average number of trunks accessible 
to a call through idle links of the link system; 
Le. , 

Let an "availability factor" g be defined by 

2.5 kE = Mg. 

From 2.2, 2.3, 2.4 and 2.5,we find for our two
stage link system that 

2.6 g = Z(a,pffib) • 

where the Z-function, Z(a,pmb), is 

2.7 mb mb mb Z(a,p )=In(a+(l-a)p )/(l-a)lnp • 

These results are exact for our model link sys
tem; pnfortunate1y, a real system rarely, if 
ever, carries the smooth traffic we have assumed 
for the model. The differences are significant 
for engineering purposes (the assumption that 
the AB-links carry smooth traffic is the greater 
source of error; a similar assumption regarding 
the trunks is not so serious). 

If the trunks carry smooth traffic, then the 
congestion is given simply by 2.3. If a random 
traffic A is offered to a group of N trunks 
then limited-availability trunk capacity tables 
must be used for determining the value of P. 
The average traffic p carried per trunk is then 
2.8 p = A(l-P)/N. 
if blocked calls are cleared from the system. 
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The assumption that devices or trunks connected 
to the outlets of a link system carry smooth 
traffic is not,a s erious source of error; the 
effective 'availabil ity for accessing trunk • 
groups handling random traffic is, for all prac
tical purposes, the same. When the ratios kiN 
or kE/N are small, the loading characteristics 
of the accessible trunks of a trunk group of-
fered random or other traffic appear to be the 
same to a call on an inlet of a switch as those 
of a trunk group handling smooth traffic; this 
reduces the errors arising from this assumption. 
The same cannot be said for any erroneous ass~ 
tions about the nature of traffic loading the 
links. 

The form of the expression for P in 2.2 is a 
simple one - and it is advantageous to keep it 
so. Therefore we shall postulate that the gen
eral expression for the congestion in a two
stage link system with smooth traffic loading 
the trunks or devices connected to its outlets 
is 

2.9 
Ilk m* P = (a + (l-a) p---O) a 

where ma* is the "effective number or outlets per 
A-sta~e switch.'~ If the AB-links handle smooth 
traff~c, then ma must equal ma. In general, 
then, the effective availability becomes 

2.10 

where 

2.11 M 

and g is the Z-function, Z(a,pffib). This leaves 
us with a problem: "How is the value of m; 
determined from a knowledge of the statistical 
properties of the traffic loading the AB-links?" 
The rest of this paper deals with the solution 
to this problem. 

3. THE STATISTICAL AND BLOCKING PROPERTIES 
OF SOME TRAFFIC DISTRIBUTION 

In order to put the notion of the "effective 
number of outlets of a single-stage switch" on 
a firmer footing, we shall study the statistical 
and blocking properties of various kinds of 
traffic loading the devices connected to the 
outlets of a single-stage switch. 

'Consider a single-stage switch with n inlets 
and m outlets. Each inlet has 'access to all of 
the outlets and n is greater than m. 

• 

Let M and V be, respectively, the mean and vari- . 
ance of the number of idle outlets (i.e., idle 
devices connected to tne-Qut1ets) of the switch. 
Let a ,coefficient of dispersion D be the ratio 
of V to M; 1. e. , 

3.1 D = V/M. 

Let a be the average traffic carried per outlet. 
If the outlets carry smooth traffic then the 
probability Pm(j) of j of the m outlets busy is 
the Bernou11i formula 

The average number M of idle outlets is 

3.3 M = m(1-a) . 

The variance, Vo , and coefficient of dispersion, 
Do, of the number of idle 'outlets are, respec
tively, 

3.4 Vo = ma (l-a) 

• 



• 

• 

• 
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3 • .5 Do = Vo/M= a. 

Ofue subscripts of Vo and Do indicate that they 
are defined for smooth traffic.) 

The variance V of any arbitrary traffic loading 
the outlets can be expressed in terms of Vo and 
a correlation coefficient r as 

3.6 V = Vo(l+ (m-1)r). 

The coeff:!.cient of dispersion Dis for the ar
bitrary traffic, 

3.7 D=Do(1+(m-1)r). 

Therefore, the correlation coefficient r is 

3.8 (m-1) r = (D - Do) /Do 

or, using 3.5 

3.9 (m -l)r = Q 

where the coefficient Q is 

3. 10 Q = (D - a) / a • 

For smooth traffic, we have D equal to a, so 
that Q equals zero . 

Random traffic is characterized by the property 
that [5J 

3.11 V = ma, 

i.e., the variance of the number of calls in 
progress equals the average number of calls in 
progress. Consequently, the coefficient of 
dispersion Da for random traffic is 

3.12 Da = a/(l-a) 

A1so,the coefficient QR for random traffic is 

3.13 QR = (Da-a)/a = Da. 

In order to get some appreciation of how Q 
varies with different traffic distributions, 
studies were made of the statistical character
istics of traffics loading the outlets of a sin
gle-stage switch with five outlets. Studies 
were made for the following conditions: 

Case 1. Blocked calls cleared and infinite 
number of sources 

Case 2. Blocked calls delayed and finite 
number, i.e. 9, of sources 

Case 3. Blocked calls held and finite number, 
Le. 9, of sources 

Case 1. 

The 'Erlang-B formula was used. The probability 
P of , all m outlets busy when a random traffic A 
is offered to them and blocked calls are cleared 
is 

3.14 P = Em(A) 

where Em(A) is the Erlang-B formula, i.e., 
m 

3.15 1<' (A) = (Am/m!)/ L: (Ai/i!). 
'"'Ill i=o 

The mean and variance of the number of idle 
outlets are, respectively, 

3.16 M = m- IJ. 

3.17 V = I.l - AMP 
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where 

3.18 IJ. = A(l-P) 

is the average number of busy outlets. 
value of Q for the carried traffic is 

The 

3.19 Q = Da -mP/(l-P) • 

Case 2. 

The Erlang binomial delay formula [4J was used. 
It is 

3.20 

where 

3.21 

Pm(j) o s; j s; ' (m-I) 

Pm (m) = c ~ aJ n!/(i!m!m(i-m» 
i=m 

m 
c = L: Pm(j) • 

j=o 

j = m 

In these equations, Pm(j) is the probability of 
j out of m outlets busy, ao is the average 
offered traffic per source, and n is the number 
of sources. 

Case 3. 

The Engset formula (i.e. truncated binomial 
distribution) was used. It is 

3.22 

In this equation, Pm(j) is the probability of j 
out of m outlets busy, ao is the average offered 
traffic per source, and n is the number of 
sources. 

For each of the three cases, the values of M, 
V and P were calculated for various values of 
average traffic carried per outlet. Values of 
Q were then calculated from the values of M and 
V. The results for the three cases are pre
sented in Tables 1,2 and 3, respectively. 

a Q P m* 
0.100 
0.149 
0.199 
0.298 
0.385 
0.534 
0.641 
0.768 

TABLE 1. 

a 

0.035 
0.086 
0.164 
0.235 
0.300 
0.360 
0.415 
0.466 
0.595 
0.695 

TABLE 2. 

0.1102 
0.1690 
0.2337 
0.3378 
0.4390 
0.5281 
0.5413 
0.4792 

0.03 158 
0.03 934 
0.02 '307 
0.0142 
0.0367 
0.110 
0.199 
0.360 

3.80 
3.65 
3.58 
3.51 
3.46 
3.52 
3.63 
3.87 

OUTLET LOADING CHARACTERISTICS FOR 
BLOCKED CALLS CLEARED, INFINITE 
NUMBER OF SOURCES (CASE 1). 

Q P m* 

0.0365 0.06 

0.0378 0.04 26 4.30 
0.0867 0.03 580 4.12 
0.1348 0.02 308 3.99 
0.1841 0.02 922 3.89 
0.2304 0.0203 3.81 
0.2830 0.0371 3.75 
0.3280 0.0593 3.70 
0.4529 0.156 3.58 
0.5424 0.278 3.52 

OUTLET LOADING CHARACTERISTICS FOR 
BLOCKED CALLS DELAYED, FINITE NUMBER 
OF SOURCES (CASE 2). 



. a Q P m* 

0.045 0.0209 0.05 1 4.45 
0.090 0.0439 0.04 32 4.30 
0.180 0.0950 0.03 827 4.14 
0.269 0.1522 0.02 499 4.05 
0.357 0.2076 0.0166 3.99 
0.442 0.2556 0.0393 3.98 
0.522 0.2905 0.0754 3.98 
0'.595 0.3112 0.125 4.02 

TABLE 3. OUTLET LOADING CHARACTERISTICS FOR 
BLOCKED CALLS HELD, FINITE NUMBER OF 
SOURCES (CASE 3). 

Fig. 2 presents the values of Q plotted against 
a. Values of QR for random traffic obtained 
from 3.13 are also plotted for purposes of com
parison. The line, Q = 0, would be the curve 
for smooth traffic. 

0.8 

0." 

O.O ..... ::::::..--t----+----+----t-----1 
0.0 0 •• 1.0 

Fig. 2. Coefficient Q versus outlet loading a. 

The values of the "effective number of outlets" 
m* were calculated. The results are given in 
Tables 4, 5 and 6. 

The effective number of outlets m* is defined 
by 

3.23 m* = 1nP/1na. 

It is the number of outlets that would have to 
be provided on a single-stage switch with out
lets carrying smooth traffic, in order to get 
a value of P that is the same as the value of 
P for a single-stage switch with m outlets 
carrying an arbitrary traffic, when the average 
traffic carried per outlet by both switches is 
the same; i.e., a. 

Fig. 3 presents the values of m* plotted 
against a. The line, m* = 5, which corresponds 
to smooth traffic loading the outlets, is shown 
for purposes of comparison. 

!~--------------------------------

g.,,-I-__ ---I~--_+---+-----It----t 
Q,fJ Q.2. 0.4- a, tJ.' 0.8 1.0 

Fig. 3. Effective number m* of outlets versus 
outlet loading a. (ni= 5) 

Fig. 4 presents plots of the values of (m - m*) 
plotted against Q. Examination of these curves 
reveals that m* is not a simple ' function of Q. 
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Fig. 4. Reduced number (m - m*) of outlets 
versus coefficient Q. (m = 5) 

4. ESTIMATING THE EFFECTIVE NUMBER OF 
OUTLETS OF A SINGLE-STAGE SWITCH 

To estimate the eff ective number of outlets m* 
on a single-stage switch from a knowledge of 
the number of outlets m, the average traffic a 
carried per outlet, and the statistical proper
ties of this traffic as characterized by the 
parameter Q, we shall use some relationships 
based on the Po1ya urn model described in refer
ences 1 and 2. 

From the model, the probability P1 of all out
lets busy is 

4.1 
(m-1) (m-1) 

IT (a + i y) / TT (1 + ky) , 
i=o k=o 

where y is a parameter which is to be defined. 
Our estimate mtof the effective number of out
lets becomes 

4 • 2 ml * = 1n P1 /In a • 

If we let y be defined by 

4.3 y Q/ (m - 2 -Q), 

we are in a position to estimate the value of 
ml* from a knowledge of m, a and Q. 

Values of Pl and mt were calculated from the 
data in Tables 1, 2 and 3. The results are 
presented in Tables 4, 5 arid 6 with the corre
sponding values of P and m* shown for~urposes 
of comparison. The ratios Pl/P and ml/m are 
also shown. 

P P1 m* * Pl/P a ml 

0.100 0.03 158 0.04 91 3.80 4.04 0.58 
0.149 .0.03 934 0.03 65 3.65 3.84 0.70 
0.199 0.02 307 0.02 24 3.58 3.73 0.78 
0.298 0.0142 0.013 3.51 3.59 0.92 
0.385 0.0367 0.037 3.46 3.44 1.01 
0.534 0.110 0.120 3.52 3.39 1.09 
0.641 0.199 0.214 3.63 3.47 1.08 
0.768 0.360 0.378 3.87 3.69 1.05 
TABLE 4. ESTIMATES OF EFFECTIVE NUMBER OF 

ACCESSIBLE OUTLETS (CASE 1). 
a P P 1 m* * Pl/P ml 

0 . 035 0.06 0.06 53 4.31 
0.086 0.04 26 0.04 15 4.30 4.54 0.58 
0.164 '0.03 580 0.03 39 4.12 4.35 0.67 
0.235 0.02 308 0.02 22 3.99 4.21 0.71 
0.300 0.02 922 0.02 73 3.89 4.09 0 . 79 
0.360 0.0203 0.017 3.81 3.99 0.84 
0.415 0.0371 0.033 3.75 3.89 0.89 
0.466 0.0593 0.055 3.70 3.81 0.93 
0.595 0.156 0.153 3.58 3.62 0.98 
0.695 0.278 0.281 3 .. 52 3.49 1.01 

TABLE 5. ESTIMATES OF EFFECTIVE NUMBER OF 
ACCESSIBLE OUTLETS (CASE 2). 

m'f/m* 

1.06 
1.05 
1.04 
1.02 
0.99 
0.96 
0.96 
0.95 

mf/m* 

1.06 
1.06 
1.06 
1.05 
1.05 
1.04 
1.03 
1.01 
0.99 

• 

• 

• 

• 
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a . P Pl * ml* P1/p ml*/m* m 

0.045 0.05 1 0.06 62 4.45 4.61 0.62 1.04 
0.090 0.04 32 0.04 20 4.30 4.50 0.63 1.05 
0.180 0.03 827 0.03 60 4.14 4.33 0.73 1.05 
0.269 0.02 499 0.02 41 4.05 4.18 0.82 1.03 
0.357 0.0166 0.015 3.99 4.06 0.90 1.02 
0.442 0.0393 0.038 3.98 3.99 0.97 1.00 
0.522 0.0754 0.076 3.98 3.97 1.01 1.00 
0.595 0.125 0.129 4.02 3.94 1.03 0.98 

TABLE 6. ESTIMATES OF EFFECTIVE NUMBER OF 
ACCESSIBLE OUTLETS (CASE 3) . 

A comparison of the values of m* and m! in 
Tables 4, 5, and 6 shows how well the value of 
m* is estimated by ml*. Over the range of 
values of a that is of practical interest, ml* 
overestimates the value of m* by about 5% -
and the error decreases with increasing values 
of a. 

A comparison of the values of P and Pl shows 
how well the value of P is estimated by Plo 
Over the range of values of P of practical in
terest (i.e., from 0.001 to 0.10) Pl underesti
mates the values of P by about 30% for low 
values of P and the error decreases with in
creasing values of P. 

These observations are for small single-stage 
switches which are the building blocks of link 
systems. It will be shown that the statistical 
theory is more accurate when applied to a link 
system than when applied to one ,of its consti-

' tuent elements taken alone. 

5. ESTIMATING THE EFFECTIVE AVAILABILITY 
FOR A TWO-STAGE LINE SYSTEM 

We shall calculate the effective availability 
for the two-stage link system shown in Fig. 1 
when it has the following dimensions: 

na = 10 Na = 10 

% = 4 5. 

We shall make the following assumptions about 
the traffic loading the link system: 

a. Each A-stage inlet independently offers 
a traffic ao to the AB-links 

b. Blocked calls offered to the AB-links 
are held 

c. The AB-links are uniformly loaded with 
a traffic a per AB-link 

d. A single device is connected to each 
B-stage outlet and carries a traffic 
b 

e. There is no correlation between the 
loading of AB-links and the loading of 
devices. 

Under these assumptions the call congestion P 
of the link system is 

5.1 
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The AB-link loading characteristics for various 
values of average traffic a carried per AB-link 
are given in Table 3. 

The effective availability kE for the link 
system is 

5.2 kE = 1n P /In b. 

It is also given by 

5.3 kE = mbkEa 

where 

5.4 kEa * Ma g 

5.5 M* * a ma (l-a) 

5.6 g Z(a'Pa) , 

and 

5.7 Pa = 
mb 

b . 

Equation 5.7 is the B-stage blocking per AB
link. If we know kE' a and b, then we can get 
the effective number ma* of outlets per A-stage 
switch directly from 

5.8 

The call congestion P was calculated for each 
value of AB-link loading given in Table 3, 
for three different 10adings b per device con
nected to th* B-stage outlets. Then the values 
of kE and ma were calculated from the values 
of P. The results are presented in Table 7. 



'8 b P ma a Qa, Pa 'ro * a m */m * a a 

0.045 0.45 0.05 7 4.80 0.084 0.0102 0.05 60 4.86 1.013 
0.55 0.04 47 4.93 0.132 0.02 60 0.04 46 4.93 1.000 
0.65 0.03 483 4.97 0.215 0.02 32 0.03 48 4.97 1.000 

0.090 0.45 0.04 75 4.61 0.127 0.298 0.04 61 4.71 1.022 
0.55 0.03 226 4.79 0.173 0.0205 0.03 21 4.82 1.018 
0.65 0.02 116 4.91 0.252 0.0130 0.02 12 4.92 1.004 

0.180 0.45 0.02 122 4.35 0.214 0.0769 0.02 10 4.47 1.028 
0.55 0.02 204 4.53 0.255 0.0610 0.02 18 4.61 1.018 
0.65 0.02 502 4.73 0.326 0.0429 .0.02 49 4.75 1.004 

0.269 0.45 0.02 580 4.27 0.299 0.1312 0.02 55 4.31 1.009 
0.55 0.02 725 4.52 0.336 0.1109 0.02 81 4.41 0.976 
0.65 0.0111 4.90 0.400 0.0843 0.0148 4.60 0.939 

0.357 0.45 0.0176 4.21 0.383 0.1856 0.0184 4.18 0.993 
0.55 0.0196 4.49 0.416 0.1620 0.0238 4.26 0.949 
0.65 0.0244 4.94 0.472 0.1291 0.0356 4.44 0.899 

0.442 0.30 0.0403 3.99 0.447 0.2510 0.0398 4.00 1.003 
0.40 0.0425 4.03 0.456 0.2412 0.0417 4.05 1.005 
0.50 0.0477 . 4.11 0.477 0.2220 0.0471 4.13 1.007 

0.552 0.25 0.0761 3.99 0.524 0.2882 0.0784 3.94 0.987 
0.35 0.0781 4.01 0.529 0.2822 0.0801 3.96 0.988 
0.45 0.0831 4.06 0.542 0.2685 0.0849 4.03 0.993 

0.595 0.20 0.125 4.00 0.595 0.3118 0.129 3.94 0.985 
0.30 0.127 4.04 0.598 0.3070 0.131 3.95 0.978 
0.40 0.131 4.06 0.612 0.2848 0.138 4.03 0.993 

TABLE 7. ESTIMATES OF EFFECTIVE NUMBER OF OUTLETS PER 
A-STAGE SWITCH FOR TWO-STAGE LINK SYSTEM 

Examination of the values of mt in Table 7 re
veals that m: is a function of b as well as of 
a; its value increases with b for fixed values 
of a. Consequently the value of ma*can't be 
accounted for by considering the 10adinf char
acteristics of the AB-links alone; the oading 
of the devices connected to the B-stage outlets 
must be considered also. Better estimates of 
ma*shou1d be obtainable from a consideration 
of the blocking characteristics of the AB-links. 

The average blocking probability a per AB-link 
is 

5.9 a = a + (l-a)Pa 

where 

5.10 

The variance aa2 of the number of blocked AB
linkS of an A-stage switch is 

5.11 

where 

5.12 a 2 
a a(l-a) 
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and r is the correlation in the loading of the 
AB-links. 

The average number ~ of unblocked AB-links is 

where 

The variance Va of the number of unblocked AB
links is 

5.16 V = aa2
• 

Therefore, the coefficient of dispersion Da of 
the number of unblocked AB-links' is 

5.17 

where Da is defined for the loading of the AB
links and is 

5.18 

and Dpa is 

5.19 Dpa = Pa • 

• 

• 

• 
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• 

• 

The parameter Qa for blocked AB-links is, by 
3.10, 

5.20 Qa = (Da -a) la. 

The estimate Ya of the parameter to be used in 
the Po1ya urn model is, by 4.3, 

5.21 

The probability Pa of all AB-links being blocked 
is, by 4.1, 

(ma-1) (ma-1) 
5.22 n (a +iYa) I n (1+ kYa) 

i=o k=o 

The estimate ma*of the effective number ma*of 
AB-links is 

5.23 1n ~ 11na • 

The va1~es of a, Qa, Pa and ma*were calculated 
for the two-stage link system. They are pre
sented in Table 7 with the values -of the ratio 
ma* lma*. These values show that mo.* reflects the 
effects of the loading of the devices connected 
to the B-stage outlets. ma* is a good estimate * -of ma when the blocking is due primarily to the 
loading of either the AB-links or the devices • 
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* For large values of a and b, ma tends to under-
* estimate the values of ma (compare the results 

for a equal to 0.269, 0.357, and 0.442) ; 
there is an interaction between a and b which 
makes the estimate conservative. The estimates 
become conservative when the loading a per AB
link and the blocking Pa per AB-link are of 
the same order of magnitude. 
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